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The present invention relates to a novel protein having
O-acetylhomoserine sulthydrylase activity, a mutant protein
thereof, a polynucleotide encoding the same, a recombinant
vector comprising the polynucleotide, a microorganism
transformed with the recombinant vector, and a method for
producing methionine or acetic acid using the protein. The
production method of the present invention has the advantage
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through having higher conversion rate and reduced reaction
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the amount of enzyme homogenate added when using the
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acetic acid at high yield.

12 Claims, 5 Drawing Sheets

broth of O

D-actety! L-homozarine (Diixon w2k 1.500)

Rereton troth after 2 iyt of conversion

reationDiution o 1:500)
%




US 9,080,155 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

7,851,180 B2
8,426,171 B2
2010/0184164 Al
2012/0123158 Al

12/2010 Shin et al.
4/2013 Kim et al.
7/2010 Kim et al.
5/2012 Kim et al.

OTHER PUBLICATIONS

GenBank Accession No. EEW25407.1, published 2009.*
GenBank Accession No. EBA03892.1, published 2007.*
GenBank Accession No. YP_509796.1, available 2007 *

Chen et al., “Silencing of episomal transgene expression by plasmid
bacterial DNA elements in vivo,” Gene Therapy 11:856-864, 2004.

Ehrhardt et al., “Optimization of Cis-Acting Elements for Gene
Expression from Nonviral Vectors In Vivo,” Human Gene Therapy
14:215-225, Feb. 10, 2003.

Izsvak et al., “Sleeping Beauty, aWide Host-range Transposon Vector
for Genetic Transformation in Vertebrates,” J. Mol. Biol. 302:93-102,
2000.

Yew et al., “CpG-Depleted Plasmid DNA Vectors with Enhanced
Safety and Long-Term Gene Expression in Vivo,” Molecular
Therapy 5(6):731-738, Jun. 2002.

NCBI, GenBank accession No. CP000143.1, Oct. 7, 2005.
Yamagata “Roles of O -acetyl-; -homoserine sulfhydrylases in
micro-organisms,” Biochimie 71:1125-1143 (1989).

UniProtKB  Entry Q3J5D4—Comparing version 1 to 55,
XP-002728470, http://www.uniprot.org/uniprot/Q3J5D4?version=1
&version=55 (1 page) (Aug. 13, 2014).

* cited by examiner



U.S. Patent Jul. 14, 2015 Sheet 1 of 5 US 9,080,155 B2

szﬁi‘D‘ Ri{1.5)
Y AL promoter
e NGO TSI

Fscid ot

or NG/

S Hindg W {1749)
PR Kpn I (1760)
\Sac §(1756)
Eeo RIOIT88)

Spectinomycin R



U.S. Patent Jul. 14, 2015 Sheet 2 of 5 US 9,080,155 B2

Figure Za

_ Fermantation broth of O-acetyihomosering
C-actelyl L-homoserine (Diution ratio 1:500)

IEE o enesnenssnsonsnsnsssanansonsnsosssos i unss st S S0 SO 8O ASSA5 55 5585 5585 5555855 0 0 0 8 S
5 - FA R
& :

&k

Fr) :
i
ot &
-dg‘&‘k{»w%‘“ Mrondisvin Ay Y et e R i o
g ¥ 1 ¥
B 15 54 S W 1k S5 51 e

fiets

Raadion broth after 2 hours of oonversion

s reaction Dilution ratio 1.500) L-meathioning
, e ' B

LS
2
3 W )
B o i
s o Y f
d4 7.8 ik 1A wa 173



US 9,080,155 B2

Sheet 3 of 5

Jul. 14, 2015

U.S. Patent

tion
buffer

ca
ﬂg

j
|
!
i
f

Su
fu
Hu
5u

sond
foa

x

- After
i
d

.
ix
12
L8
:

L4

:

.

:

Hng
m

1

-

ar
1

3 lane

L

oy

i




U.S. Patent Jul. 14, 2015 Sheet 4 of 5 US 9,080,155 B2

Figurs 4

3
timne, [hr]



U.S. Patent Jul. 14, 2015 Sheet 5 of 5 US 9,080,155 B2

R R -
PG 2

00

“,

Coné& %

58883883

Time {min)



US 9,080,155 B2

1
O-ACETYLHOMOSERINE SULFHYDRYLASE
OR MUTANT PROTEIN THEREOF, AND
METHOD FOR CONVERTING TO
METHIONINE USING THE SAME

STATEMENT REGARDING SEQUENCE
LISTING

The Sequence Listing associated with this application is
provided in text format in lieu of a paper copy, and is hereby
incorporated by reference into the specification. The name of
the text file containing the Sequence Listing is
200187_414USPC_SEQUENCE_LISTING.txt. The text file
is 26.8 KB, was created on Jun. 20, 2013, and is being sub-
mitted electronically via EFS-Web.

TECHNICAL FIELD

The present invention relates to a novel protein having
O-acetylhomoserine sulthydrylase activity, a mutant protein
thereof, a polynucleotide encoding the same, a recombinant
vector comprising the polynucleotide, a microorganism
transformed with the recombinant vector, and a method for
producing methionine or acetic acid using the protein.

BACKGROUND ART

L-methionine which is one of the essential amino acids in
vivo is contained in most of proteins and is present in a free
state in soy sauce which is one of seasoning. It is widely used
as feed and food additives, and is also used as infusion solu-
tion for medical usage or raw material for synthesizing medi-
cines. Methionine is an important amino acid involved in
methyl transfer reaction in vivo. First, by reacting with ATP,
methionine is converted to d-adenosylmethionine, which
then donates methyl group to various acceptors; and then it is
converted to cysteine via homocysteine and cystathionine. A
red bread mold synthesizes methionine from cysteine. A scent
of fermented foods such as soy sauce or cheese is often due to
aldehyde, alcohol, and/or ester derived from methionine.

Also, methionine acts as a precursor of the compounds
such as choline, lecithin, and creatine, and is used as raw
material for synthesizing cysteine and taurine, and serving as
a sulfur donor. In addition, methionine is associated with the
synthesis of various neurotransmitters in the brain. Methion-
ine and/or S-adenosyl-L.-methionine (SAM) inhibit accumu-
lation of fat in liver and arteries in vivo, and take various roles
such as alleviating depression, inflammation, liver disease,
and muscle pain. Furthermore, methionine and/or S-adeno-
syl-L-methionine provide various functions such as inhibit-
ing fat deposition in a liver, which promotes fat metabolism,
and arteries, increasing bloodstream circulation in a brain,
heart, and kidney, stimulating digestion, promoting detoxifi-
cation and excretion of toxic substances, and promoting the
excretion of heavy metals such as lead. It has been reported
that daily intake of 800 to 1,600 mg of methionine exhibits
superior antidepressant effect, improvement of liver function
in patients with liver diseases, particularly liver diseases
caused by alcohol, excellent anti-inflammatory effect in bone
joint disease, and stimulation of joint recovery in the same.
Also, as an essential nutrient for hair, methionine is known to
provide nourishment to the brittle hair, preventing hair loss.

For a chemical synthesis of methionine, most commonly
L-methionine is produced through hydrolysis of 5-(p-meth-
ylmercaptoethyl)-hydantoin. However, when methionine is
produced by such chemical synthesis process, there is disad-
vantage of producing mixed forms of L-type and D-type. In
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2

this regard, there is a patent disclosing the technique that
allows a selective production of [-methionine using a bio-
logical approach (W02008/013432). This method, named
simply as a two-step method, comprises a process of convert-
ing the [.-methionine precursor by fermentation and a process
of converting the [.-methionine precursor to L.-methionine by
using enzymes. The type of L-methionine precursor prefer-
ably comprises O-acetylhomoserine and O-succinylho-
moserine. Development of the two-step method resolves all
the existing problems such as toxicity of a substrate specific to
sulfide, feedback control in a strain by methionine and SAM,
and decomposition of intermediate product specific to cys-
tathionine gamma synthase, O-succinylhomoserine sulthy-
drylase, and O-acetylhomoserine sulthydrylase. Further-
more, this method, which produces only [-methionine
selectively, is superior to the conventional chemical synthesis
process that produces both of D-methionine and L.-methion-
ine simultaneously, and this method can additionally produce
organic acid, more specifically, succinic acid and acetic acid,
as by-product through the same reaction.

The enzymatic conversion process in the two-step method
employs the enzymes having cystathionine gamma synthase
activity, O-succinylhomoserine sulthydrylase activity or
O-acetylhomoserine sulthydrylase activity, and produces
L-methionine and organic acids through enzyme reaction of
O-acetylhomoserine or O-succinylhomoserine, which is a
precursor of L-methionine, with methyl mercaptan.

In the enzymatic conversion reaction for producing .-me-
thionine from O-acetylhomoserine, which is a precursor of
L-methionine, various microbial-derived O-acetylho-
moserine sulthydrylases may be used. However, in order to be
used as industrial convertase, the enzyme needs to meet sev-
eral requirements to maximize cost-effectiveness. Firstly, the
enzyme should have the characteristics of high activity and
high conversion rate, and the overexpression thereof should
be possible in E. coli. In general, for the reactions that use a
purified enzyme, the activity of enzyme, reaction rate, and
high affinity to a substrate are essential. But, if enzyme homo-
genate is added directly into the reaction, the overexpression
of enzyme per unit cell should be possible in addition to
having a high activity, in order to proceed the reaction with a
minimal amount of homogenate. Secondly, the enzyme needs
to maintain a high reaction rate with O-acetylhomoserine at
high concentration, and the inhibition of its activity should be
low even with accumulation of final products L-methionine
and acetic acid to high concentration. Lastly, the enzyme
should have a thermal stability to maintain its activity during
the 1- to 5-hour long reaction. Considering the above require-
ments, a previously disclosed O-acetylhomoserine sulthy-
drylase derived from Hyphomonas neptunium is an excellent
enzyme, however in order to maximize the commercial value
of'the two-step method for producing methionine, a search for
the enzymes with enhancement of the three characteristics is
necessary.

DISCLOSURE
Technical Problem

The present inventors have obtained O-acetylhomoserine
sulthydrylase genes from various microbial sources and
finally selected O-acetylhomoserine sulthydrylase gene from
Rhodobacter sphaeroides through experiments. Then after
using the enzyme in a conversion reaction, the inventors have
found that O-acetylhomoserine sulthydrylase from Rhodo-
bacter sphaeroides is an economically viable convertase to be
applied in the two-step method for producing methionine, and
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also confirmed that the economic viability of the convertase
can be enhanced by improving the enzyme through introduc-
ing mutations, thereby completing the present invention.

Technical Solution

One objective of the present invention is to provide a novel
protein having O-acetylhomoserine sulthydrylase activity.

Another objective of the present invention is to provide a
polynucleotide encoding the novel protein.

Another objective of the present invention is to provide a
mutant protein having enhanced O-acetylhomoserine sulthy-
drylase activity.

Another objective of the present invention is to provide a
polynucleotide encoding the mutant protein.

Another objective of the present invention is to provide a
recombinant vector comprising the polynucleotide.

Another objective of the present invention is to provide a
microorganism transformed with the recombinant vector.

Another objective of the present invention is to provide a
method for producing methionine or acetic acid from the
precursors O-acetylhomoserine and methyl mercaptan, using
the protein, or microorganism producing the same.

Advantageous Effects

The present invention provides a protein having the activity
of O-acetylhomoserine sulthydrylase derived from Rhodo-
bacter sphaeroides, which is required for producing L.-me-
thionine and acetic acid from a substrate methyl mercaptan
(CH,;SH). If the protein is used, it has the advantage of pro-
ducing [-methionine and acetic acid economically through
having higher conversion rate and reduced reaction time com-
pared to the existing methods that use a protein having the
activity of O-acetylhomoserine sulthydrylase from Hyph-
omonas neptunium. In addition, if the mutant protein with
enhanced activity of O-acetylhomoserine sulthydrylase of
the present invention is used, this can minimize the amount of
enzyme homogenate added, thereby easily producing [.-me-
thionine and acetic acid at high yield.

DESCRIPTION OF DRAWINGS

FIG. 1 represents the schematic diagram of pCL-P_ ;-
MetZhne vector.

FIGS. 2a and 25 show the HPLC results, demonstrating the
production of methionine. First, 5 to 10% homogenate of
microorganism (of a total reaction volume) comprising the
protein was added to the fermentation broth of O-acetylho-
moserine, and the reaction was initiated by adding 15% Na-
methyl mercaptan at a pH of 6 to 8. After 2 hours, the fermen-
tation broth was collected and the cells were removed
therefrom to analyze methionine production.

FIG. 3 shows the comparison of the expression level of
convertase in 2.5 pl, 5 pl, 10 pl of the cell homogenate of
O-acetylhomoserine sulthydrylase from hyphomonas spe-
cies (MetZ-hne) and O-acetylhomoserine sulthydrylase from
rhodobacter species (MetZ-rsp).

FIG. 4 demonstrates the pH changes during a conversion
reaction in a 30 L batch reactor.

FIG. 5 shows the concentration changes of O-acetylho-
moserine (OAHS) and [-methionine (Met) during a conver-
sion reaction in a 30 L batch reactor, a ratio of methyl mer-
captan (MeSH) added at each time setting a total amount of
methyl mercaptan required as 100%, and a rate of methionine
conversion at each time. The rate of methionine conversion is
(g/2)% calculated by dividing a total amount of methionine
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produced up to each time point by a total amount of O-acetyl-
homoserine added (* rate of methionine conversion,
92.59%=rate of methionine conversion in mole, 100%).

BEST MODE

As one aspect, the present invention provides a novel pro-
tein having O-acetylhomoserine sulthydrylase activity.

In the present invention, the protein having O-acetylho-
moserine sulfhydrylase activity refers to a novel protein
capable of synthesizing [-methionine using O-acetylho-
moserine, which is a precursor of L-methionine, and methyl
mercaptan. The novel protein is preferably a protein having
O-acetylhomoserine sulfthydrylase activity from Rhodo-
bacter sphaeroides. For the purpose of the present invention,
the novel protein includes any protein having O-acetylho-
moserine sulthydrylase activity without limitation, but it may
preferably be the protein of SEQ ID No. 13.

As used herein, the term “O-acetylhomoserine” is a sub-
stance with a molecular weight of 161.16 and is the first
specific intermediate in biosynthesis of methionine in micro-
organisms. In intestinal bacteria O-succinylhomoserine is
used as an intermediate instead of O-acetylhomoserine, and
in higher plants O-phosphohomoserine is used as an interme-
diate. O-acetylhomoserine is generated from [.-homoserine
and acetyl-CoA by homoserine acetyltransferase catalysis at
the bifurcation with biosynthesis of threonine.

Patent Publication WO2008/013432 discloses a process of
producing [.-methionine using a two-step method, and in this
process, O-succinylhomoserine and O-acetylhomoserine are
the two types of O-acylhomoserine which is a precursor used
for producing [.-methionine.

As used herein, the term “precursor” refers to a substance
produced at the preceding step of a final product in a metabo-
lism or biosynthetic reaction. For the purpose of the present
invention, the precursor refers to a metabolite produced by
L-methionine precursor-producing strain as a part of the
methionine-specific metabolic pathway, or derivatives
thereof. Specifically, the L-methionine precursor of the
present invention refers to O-succinylhomoserine or
O-acetylhomoserine.

The enzymes capable of producing methionine from
O-succinylhomoserine among the L-methionine precursors
through enzyme conversion include cystathionine gamma
synthase and O-succinylhomoserine sulthydrylase. In gen-
eral, the gene encoding cystathionine gamma synthase is
commonly noted as metB, and the gene encoding O-succi-
nylhomoserine sulthydrylase is commonly noted as metZ.
These enzymes have the following three activities.

L-cysteine+O-succinylhomoserine=>succinic acid+
cystathionine

sulfide (HS-)+O-succinylhomoserine=>succinic
acid+homocysteine

methyl mercaptan+O-succinylhomoserine=>succinic
acid+L-methionine

O-acetylhomoserine sulthydrylase is an enzyme capable of
producing [.-methionine by using O-acetylhomoserine which
is another [-methionine precursor. In general, the gene
encoding O-acetylhomoserine sulthydrylase is commonly
noted as metY. This enzyme has the following three activities.

L-cysteine+O-acetylhomoserine=>acetic acid+cys-
tathionine

sulfide (HS-)+O-acetylhomoserine=>acetic acid+
homocysteine

methyl mercaptan+O-acetylhomoserine=>acetic acid+
L-methionine
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Using O-acetylhomoserine which requires less carbon
sources such as glucose and raw sugar for producing two
L-methionine precursors is more cost-effective in L.-methion-
ine production. However, while MetZ enzyme which is
O-succinylhomoserine sulthydrylase does not get a feedback
inhibition from its final product [.-methionine, MetY enzyme
which is O-acetylhomoserine sulthydrylase is inhibited by its
product L-methionine, and therefore MetY is hard to use in
enzymatic reaction.

In one example of the present invention, through testing
various metZ genes for their activities, the Rhodobacter
sphaeroides-derived metZ gene having O-acetylhomoserine
sulthydrylase activity was identified although it was previ-
ously expected to be an O-succinylhomoserine sulthydrylase.
Furthermore, it was confirmed that Rhodobacter sphaeroi-
des-derived metZ does not get a feed inhibition by L-me-
thionine. The selected protein having O-acetylhomoserine
sulthydrylase activity may have an amino acid sequence of
SEQ ID No. 13.

In one example of the present invention, substrate speci-
ficity, expression level of convertase, and activity of conver-
tase were compared among the proteins having the activity of
O-acetylhomoserine sulthydrylase derived from Hyphomo-
nas species and O-acetylhomoserine sulfhydrylase derived
from Rhodobacter species. As aresult, it was found that when
L-methionine is produced by using a mutant protein of
O-acetylhomoserine sulthydrylase derived from Rhodo-
bacter species, the mutant protein showed higher substrate
specificity toward O-acetylhomoserine than O-succinylho-
moserine (Table 1), and it also demonstrated an improved
enzymatic activity during early phase of reaction, improved
reaction rate and [-methionine conversion rate (Table 2). In
addition, when the inhibition levels by final products were
compared among the recombinant mutant proteins derived
from the two strains, O-acetylhomoserine sulthydrylase
derived from Rhodobacter species maintained a high activity
in L.-methionine production even with feedback inhibition by
the final product thereof (Table 3). Furthermore, when a ther-
mal stability of the enzyme relative to reaction temperature
was compared, the mutant protein of O-acetylhomoserine
sulthydrylase derived from Rhodobacter species showed a
superior thermal stability compared to the mutant protein of
O-acetylhomoserine sulthydrylase derived from Hyphomo-
nas species (Table 4).

Therefore, the protein having O-acetylhomoserine sulfhy-
drylase activity of the present invention satisfies all the
requirements to be used as industrial convertase including
high activity, high conversion rate, overexpression in E. coli,
low inhibition of enzyme activity by final product and capa-
bility to maintain thermal stability at the time of accumulation
of final product, and thus by using the enzyme of the present
invention, [.-methionine and acetic acid can be produced at
high rate and high efficiency.

As another aspect, the present invention provides a mutant
protein having enhanced O-acetylhomoserine sulthydrylase
activity than a wild type.

As used herein, the term “mutation” or “mutant protein”
refers to a culture or individual demonstrating a single stable
genetic or non-genetic phenotypic change. In the present
invention, a mutant protein preferably refers to a protein
which activity is increased compared to the wild type due to
a mutation in one or more of the genes encoding O-acetylho-
moserine sulthydrylase derived from Rhodobacter sphaeroi-
des. The sequence of the mutant protein may comprise the
sequence of protein having a homology of at least 80%, 90%,
95%, 96%, 97%, 98%, or 99% to the sequence of wild type.
Preferably, the protein may be a mutant protein having an

30

40

45

6

enhanced O-acetylhomoserine sulthydrylase activity through
amutation wherein the 3™ amino acid from the N-terminal of
the protein represented by the amino acid sequence of SEQ ID
No. 13 is substituted with an amino acid other than isoleucine,
the 65” amino acid from the same is substituted with an
amino acid other than phenylalanine, and the 104” amino
acid from the same is substituted with an amino acid other
than valine, or a combination of one or more of the three types
of amino acid mutations is made. More preferably, two or
more and even more preferably, three types of mutations can
be combined. Even more preferably, the protein may be a
mutant protein wherein the 3" amino acid from the N-termi-
nal, isoleucine, is substituted with asparagine, and the 65”
amino acid, phenylalanine, is substituted with tyrosine, and
the 104” amino acid, valine, is substituted with alanine. The
amino acid sequence of the mutant protein may preferably be
a mutant protein having the amino acid sequence of SEQ ID
No. 15, 16, 17, or 18.

Specifically, a mutant protein represented by the amino
acid sequence of SEQ ID No. 15 is a variant form of the
protein represented by the amino acid sequence of SEQ 1D
No. 13 wherein the 3" amino acid from the N-terminal of the
same, isoleucine, is substituted with asparagine.

The mutant protein represented by the amino acid
sequence of SEQ ID No. 16 has a substitution of phenylala-
nine, which is the 65” amino acid from the N-terminal of the
protein represented by the amino acid sequence of SEQ 1D
No. 13, by tyrosine.

The mutant protein represented by the amino acid
sequence of SEQ ID No. 17 has a substitution of valine, which
is the 104” amino acid from the N-terminal of the protein
represented by the amino acid sequence of SEQ ID No. 13, by
alanine.

In addition, the mutant protein represented by the amino
acid sequence of SEQ ID No. 18 has a substitution of isoleu-
cine, which is the 3’ amino acid from the N-terminal of the
protein represented by the amino acid sequence of SEQ 1D
No. 13, by asparagine, a substitution of phenylalanine, the
65" amino acid, by tyrosine, and a substitution of valine, the
104” amino acid, by alanine.

Inone example of the present invention, based on the above
findings four mutant proteins such as I3N, F65Y, V104A and
E182G with improved enzymatic activity of mutant protein of
O-acetylhomoserine sulthydrylase derived from Rhodo-
bacter species were generated. Then, three valid mutant pro-
teins such as I3N, F65Y, and V104A were selected by mea-
suring the activity of the mutant proteins (Table 9). A vector
comprising the combination of the three valid mutant proteins
was prepared, and transfected into E. coli. After measuring
the activity of each mutant protein, it was found that the
mutant proteins had 1.75 times increased activity than that of
wild type O-acetylhomoserine sulthydrylase (Table 10).

As another aspect, the present invention provides a poly-
nucleotide encoding a novel protein having O-acetylho-
moserine sulthydrylase activity or a mutant protein having
enhanced O-acetylhomoserine sulthydrylase activity than a
wild type.

As used herein, the term “polynucleotide” refers to a poly-
mer of nucleotides having nucleotide monomers linked in a
long chain by covalent bonding, and generally it means a
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA)
strand longer than a certain length. For the purpose of the
present invention, the polynucleotide may be a polynucle-
otide fragment encoding the protein. This polynucleotide
fragment comprises polynucleotide fragments having a
homology of at least 80%, 90%, 95%, 96%, 97%, 98%, or
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99% to the sequence of polynucleotide fragment having
O-acetylhomoserine sulthydrylase activity.

Preferably, the polynucleotide may be the polynucleotide
represented by the nucleotide sequence of SEQ ID No. 14.
The polynucleotide represented by the nucleotide sequence
of SEQ ID No. 14 is the polynucleotide encoding the wild
type protein having the amino acid sequence of SEQ ID No.
13.

In addition, the polynucleotide encoding the mutant pro-
tein may have the nucleotide sequence of SEQ ID No. 19, 20,
21 or 22. The polynucleotides having the nucleotide sequence
of SEQ ID Nos. 19, 20, 21 and 22 are the polynucleotides
encoding the proteins having the amino acid sequences of
SEQ ID Nos. 15, 16, 17, and 18 respectively.

Asused herein, the term “homology” refers to a percentage
of identity between two polynucleotide moieties. Sequence
correspondence from one moiety to another can be deter-
mined by the known technique in the art. For example, homol-
ogy can be determined by aligning the sequence information
of'two polynucleotide molecules directly by using a computer
program that is readily available and capable of aligning
sequence information. In addition, homology can be deter-
mined by hybridizing the polynucleotides under the condition
for forming a stable double-strand in the homologous regions
and digesting the hybridized strand by a single-strand-spe-
cific nuclease to determine a size of digested fragment.

As used herein, the term “homologous” refers to the cor-
relation between proteins where all grammatical forms and
spelling variations include superfamily-derived proteins
(e.g., immunoglobulin superfamily) and other species-de-
rived homologous proteins (e.g., myosin light chain, etc.)
having a ‘common evolutionary origin’. Such proteins (and
coding genes thereof) have a sequence homology reflected by
a high degree of sequence similarity. However, in a general
use and in the present invention, when the term “homogeny”
is modified by an adjective such as ‘very high’, it refers to a
sequence similarity, but not a common evolutionary origin.

Asused herein, the term “sequence similarity” refers to the
degree of identity or homology among the nucleotide
sequences or amino acid sequences of the proteins which may
or may not share a common evolutionary origin. In one spe-
cific example, when a polypeptide match between two amino
acid sequences is least 21% for a fixed length of amino acid
sequence (preferably at least about 50% and most preferably
about 75%, 90%, 95%, 96%, 97% or 99%), those two
sequences are ‘substantially homologous’ or ‘substantially
similar’. Substantially homologous sequences can be identi-
fied by comparing the sequences using standard software
used in the data bank or, for example, by performing Southern
hybridization experiment under the stringent conditions
defined for a certain system. A defined condition suitable for
hybridization is within the scope of conventional techniques
in the art (for example, Sambrook et al., 1989, see infra).

As another aspect, the present invention provides a recom-
binant vector comprising a polynucleotide encoding the wild
type O-acetylhomoserine sulthydrylase or mutant protein
thereof.

As used herein, the term “vector” refers to any carrier for
cloning and/or transferring nucleotides to a host cell. A vector
may be a replicon to allow for the replication of the fragments
combined with other DNA fragments. “Replicon” refers to
any genetic unit acting as a self-replicating unit for DNA
replication in vivo, that is, replicable by the self-regulation
(e.g., plasmid, phage, cosmid, chromosome, and virus). The
vector may include viral and non-viral carrier for introducing
nucleotides into a host cell in vitro, ex vivo or in vivo, and also
may include a mini-spherical DNA. For example, the vector
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may be a plasmid without a bacterial DNA sequence.
Removal of bacterial DNA sequences which are rich in CpG
area has been conducted to reduce a silencing of the transgene
expression and to promote more continuous expression from
a plasmid DNA vector (Ehrhardt, A. et al. (2003) Hum Gene
Ther 10: 215-25; Yet, N. S. (2002) Mol Ther 5: 731-38; Chen,
Z.Y. et al. (2004) Gene Ther 11: 856-64). In addition, the
vector may comprise a transposon such as Sleeping Beauty
(Izsvak et al. J. Mol. Biol. 302:93-102 (2000)), or an artificial
chromosome. Preferably, vectors such as pACYC177,
pACYC184, pCL1920, pECCG117, pUC19, pBR322 and
pMW118 can be used, and more preferably pCL_P.,; which
is pCL1920 vector inserted with CJ1 promoter
(KR20060068505) can be used.

In the present invention, the polynucleotide may be oper-
ably linked to a recombinant vector. The term “operably
linked” refers to the operable linking of a regulatory sequence
for nucleotide expression with a nucleotide sequence encod-
ing a target protein for performing its general function,
thereby affecting the expression of a coding nucleotide
sequence. Operable linking with a recombinant vector can be
made by using a gene recombination technique known in the
art, and a site-specific DNA cleavage and ligation can be done
by using a restriction enzyme and ligase known in the art.

In addition, the recombinant vector may further comprise
one or more antibiotic resistance genes selected from the
group consisting of ampicillin resistance gene, kanamycin
resistance gene, and chloramphenicol acetyl transferase gene.

As used herein, the term “antibiotic resistance gene” refers
to a gene having resistance to antibiotics, and the cells com-
prising this gene survive even in the environment treated with
the corresponding antibiotic. Therefore, the antibiotic resis-
tance gene is effectively used as a selection marker for a
large-scale production of plasmids in E. coli. In the present
invention, as the antibiotic resistance gene is not a factor that
significantly affects the expression efficiency which is
obtained by an optimal combination of components of the
vector which is the key feature of the present invention, any
common antibiotic resistance gene can be used as a selection
marker without limitation. Specifically, the resistance genes
against ampicilin, tetracyclin, kanamycin, chloramphenicol,
streptomycin, or neomycin can be used, and preferably spec-
tinomycin resistance gene can be used.

As another aspect, the present invention provides a micro-
organism transformed with the recombinant vector, for pro-
ducing O-acetylhomoserine sulthydrylase.

As used herein, the term “transformation” refers to the
introduction of genes into a host cell for the expression of the
same. The method for transforming the vector of the present
invention into the cells may include any method for introduc-
ing the nucleotides into the cells, and it can performed by
selecting an appropriate standard technique known in the art.
Method such as electroporation, calcium phosphate co-pre-
cipitation, retroviral infection, microinjection, DEAE-dext-
ran and cationic liposome can be used, but is not limited
thereto.

The transformed gene may be inserted into the chromo-
some of a host cell and located outside the chromosome, as
long as it can be expressed in the host cell. In addition, the
gene comprises DNA and RNA as a polynucleotide encoding
polypeptide, and any gene that can be introduced and
expressed in the host cell can be used without limitation. For
example, the gene can be introduced into a host cell in a form
of expression cassette which is a polynucleotide construct,
comprising all the elements required for self-expression. The
expression cassette usually comprises a promoter operably
linked to the gene, transcription termination signal, ribosome
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binding sites, and translation termination signal. The expres-
sion cassette may be in a form of self-replicable expression
vector. In addition, the gene may be the one introduced into a
host cell by itself or in a form of polynucleotide construct and
operably linked to the sequences required for the expression
in the host cell.

Asused herein, the term “microorganism transformed with
recombinant vector” refers to the cell transfected with a vec-
tor comprising the gene encoding at least one target protein.
In the present invention, if the microorganism comprises a
wild type or mutant protein capable of producing O-acetyl-
homoserine sulfhydrylase through transformation of the
recombinant vector, any of the prokaryotic and eukaryotic
microorganisms can be used. For example, microbial strains
belonging to Escherichia sp., Erwinia sp., Serratia sp., Provi-
dencia sp., Corynebacteria sp., Pseudomonas sp., Leptospira
sp., Salmonellar sp., Brevibacteria sp., Hypomononas sp.,
Chromobacterium sp., and Norcardia sp. or fungi or yeast
may be used. Preferably, microbial strain belonging to
Escherichia sp., Corynebacteria sp., and Leptospira sp., and
yeast, and more preferably microbial strain of Escherichia
sp., and most preferably E. coli can be used.

As another aspect, the present invention provides a method
for producing methionine or acetic acid, comprising adding
the wild type protein, mutant protein, or microorganism pro-
ducing the same to the mixture of O-acetylhomoserine and
methyl mercaptan to thereby react the resulting mixture.

The O-acetylhomoserine refers to the purified form of
O-acetylhomoserine or fermentation broth containing
O-acetylhomoserine. Also, the methyl mercaptan refers to all
of' the following forms, a liquefied sodium methyl mercaptan
(CH;S—Na) form, and gaseous or liquefied methyl mercap-
tan (CH;SH) form, as well as a methyl mercaptan comprising
dimethylsulfide (DMS) which is disclosed in Patent Publica-
tion WO2010/098629. In one example of the present inven-
tion, for L-methionine conversion reaction, 5 to 10% homo-
genate of microorganisms (of a total reaction volume)
comprising the polypeptide was added to the fermentation
broth of O-acetylhomoserine, and the reaction was initiated
by adding 15% Na-methyl mercaptan to the mixture at a pH of
6 to 8. Then, after 2 hours the fermentation broth was col-
lected and the cells were removed therefrom, which was then
analyzed by HPLC to identify methionine production. As
shown in FIG. 254, when the mutant protein of the present
invention was used for producing methionine, the enzymatic
conversion reaction and activity was superior to those in the
existing producing strains. Also the reaction inhibition by the
reaction product was minimized, and the thermal stability of
the mutant protein was excellent, thereby suggesting that the
mutant protein of the present invention can be effectively
used for the industrial purpose.

As another aspect, the present invention provides a use of
the protein as O-acetylhomoserine sulthydrylase.

As described above, the protein of the present invention
may be a wild type protein having the O-acetylhomoserine
sulthydrylase activity derived from Rhodobacter sphaeroides
and a mutant protein thereof, and preferably it may be the
protein having the amino acid sequence of SEQ ID Nos. 13
and 15 to 18. The protein of the present invention has high
substrate specificity toward O-acetylhomoserine, thereby
having the activity of O-acetylhomoserine sulthydrylase or
enhanced activity thereof, and therefore it can be used for
producing methionine or acetic acid.

[Mode For Invention]

Hereinafter, the constitution and effect of present invention
are described in more detail through providing Examples as
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below. However, these Examples are merely meant to illus-
trate the present invention, but in no way to limit, the scope of
the present invention.

Example 1
Production of Methionine Convertase

1-1. O-acetylhomoserine Sulthydrylase from Hyphomo-
nas Species

Primers were generated by obtaining the gene sequence of
O-acetylhomoserine sulthydrylase from Hyphomonas nep-
tunium which converts O-acetylhomoserine to methionine
from KEGG website (www.kegg.com). The chromosome of
Hyphomonas neptunium was purchased from ATCC (USA).
PCR reaction was performed with 30 cycles of denaturation
step at 94° C. for 30 seconds, annealing step at 55° C. for 30
seconds, and extension step at 72° C. for 2 minutes, using the
chromosome as a template and the primers of SEQ ID Nos. 1
and 2. HL. PCR premix kit (Bioneer, Korea) was used for the
PCR reaction.

DNA fragments obtained by the PCR reaction were
cleaved by Ncol/HindIII and cloned into pCL-P., vector
digested with the same enzymes. The finally prepared vector
was named as pCL-P . , -MetZhne and the schematic diagram
thereof was shown in FIG. 1. The cloned vectors were trans-
formed into Escherichia coli K12 cells, and cultured inthe LB
medium plate added with 50 ng/L. of spectinomycin, and the
colony was selected. The selected colony was inoculated in 3
ml of LB medium containing 50 ng/L of spectinomycin, and
cultured at37° C., 200 rpm for 16 hours. The cell culture was
re-inoculated in 25 ml of new LB liquid medium (in 250 ml
flask), and cultured until O.D. 4, reaches 0.5 t0 0.6 (for 2 to 3
hours) under the same culturing condition, and immediately
after it was cultured in 500 ml of LB medium (in 1 L jar)
added with 4% glucose until the depletion of glucose. The 1
ml of enzyme culture medium was collected, the supernatant
was removed by centrifugation, and the pelleted cells were
washed with 0.1M potassium phosphate buffer (pH 7.5). The
cells were re-suspended in 1 mL of potassium phosphate
buffer and crushed five times at 30-second intervals using
ultrasound. The crushed cell homogenate was collected and a
total amount of protein was quantified using the BIO-Rad
protein quantification assay (BIO-Rad, USA). In addition,
protein expression was confirmed by SDS-PAGE. Subse-
quently, the collected cell homogenate was used in the enzy-
matic conversion reaction.

1-2. O-acetylhomoserine Sulthydrylase from Rhodobacter
Species

The metZ gene encoding O-acetylhomoserine sulthydry-
lase from Rhodobacter sphaeroides which converts O-acetyl-
homoserine to methionine was cloned in this experiment.

PCR reaction was performed with 30 cycles of denatur-
ation step at 94° C. for 30 seconds, annealing step at 55° C. for
30 seconds, and extension step at 72° C. for 2 minutes, using
the chromosome of Rhodobacter sphaeroides as a template
and the primers of SEQ ID Nos. 3 and 4.

DNA fragments obtained from the PCR reaction were
cleaved by Ncol/HindIII and cloned into pCL-P., vector
(Korea, CJ) digested with the same enzymes. Cell homoge-
nate was obtained by using the cloned vectors in the same way
as described in Example 1-1 and it was used in the enzymatic
conversion reaction.

Example 2

Comparison of Convertase Expression Level,
Substrate Specificity, ad Activity of Convertase

The expression level and enzymatic activity were com-
pared between O-acetylhomoserine sulthydrylase derived
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from Hyphomonas species and O-acetylhomoserine sulthy-
drylase derived from Rhodobacter species by using each of
the cell homogenates obtained by the methods of Examples
1-1 and 1-2.

In general, the amount of protein is quantified by using a
protein quantification assay from BIO-Rad, as mentioned in
Example 1-1, however, when analyzing the mixture of protein
with E. coli proteins such as enzyme homogenate, it is diffi-
cult to compare the expression level of certain enzymes using
the protein quantification method. Therefore, in this experi-
ment SDS-PAGE was used to compare the expression level of
the convertase in the cell homogenate obtained from
Examples 1-1 and 1-2. As a result of comparing O-acetylho-
moserine sulfhydrylase derived from Hyphomonas species
(Metz-hne) and O-acetylhomoserine sulthydrylase derived
from Rhodobacter species (MetZ-rsp) using 10 pl, 5 pl, and
2.5 pl of two cell homogenates, it was observed that MetZ-rsp
showed about 4 times higher expression level than MetZ-hne
(FIG. 3).

In order to determine substrate specificity of two enzymes,
O-acylhomoserine was dissolved in 0.1M potassium phos-
phate buffer (pH 7.5) to a final concentration of 3 mM. In
addition, pyridoxal 5'-phosphate (Sigma, USA), which is
used as a cofactor, was added to the reaction mixture to a final
concentration of 10 uM. Another substrate methyl mercaptan
(Japan Tokyo Chemical Industry [.td.) was added to the reac-
tion mixture to a final concentration of 2 mM. The 1 ml of
reaction mixture was put at 37° C., and then 10 pul of each
enzyme extract was added to make a final protein concentra-
tion of 5 mg/ml. The progress of the reaction was confirmed
by measuring the absorbance at 415 nm by collecting 100 ul
of the reaction mixture after reaction started and adding it to
900 pl of 4 mg/ml DTNB solution (5,5-dithiobis(2-nitro-
benzoic acid), Sigma, USA).

DTNB reacts with —SH group of methyl mercaptan
remaining in the reaction mixture and synthesizes a yellow
substance. Therefore, the progress of the reaction can be
monitored by observing the disappearance of yellow colour in
the reaction mixture as the methyl mercaptan in the reaction
mixture is converted to methionine. Also, if the difference in
DTNB absorbance before and after the reaction (AO.D., 5) is
high, it suggests that the activity of enzyme is strong.

As aresult of reaction O-acylhomoserine reaction mixture
and enzyme solution, it was observed that both O-acetylho-
moserine sulthydrylase derived from Hyphomonas nep-
tunium and O-acetylhomoserine sulthydrylase derived from
Rhodobacter sphaeroides showed higher substrate specificity
toward O-acetylhomoserine than O-succinylhomoserine. The
substrate specificity of each enzyme is shown simply as the
number of ‘+”in Table 1. Overall, it was identified that both of
the two strains have higher substrate specificity toward
O-acetylhomoserine than O-succinylhomoserine.

TABLE 1
Substrate specificity
O- O-
Gene  succinylhomoserine acetylhomoserine
Strain name (OSH) (OAH)
Hyphomonas Neptunium metZ + +++
Rhodobacter sphaeroides metZ + +H+H++
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Example 3

Comparison of the MetZ-hne and MetZ-rsp
Reactions During Early Phase in a Medium of
O-acetylhomoserine at High Concentration

In order to compare the conversion rates of MetZ-hne and
MetZ-rsp enzymes in high concentration of O-acetylho-
moserine, methionine conversion experiment was performed
at O-acetylhomoserine concentration of 80 g/L.. The relative
methionine production rates were compared between
O-acetylhomoserine sulthydrylase derived from Hyphomo-
nas neptunium and O-acetylhomoserine sulthydrylase
derived from Rhodobacter sphaeroides from the enzymatic
conversion of 80 g/I, O-acetylhomoserine in 1 ml tube scale
over time. Reaction rates of O-acetylhomoserine sulthydry-
lase can be compared by measuring the concentration of
methionine produced from the reaction. More specifically,
enzymatic conversion reaction was performed at 33° C. by
adding 0.01 ml of sodium methyl mercaptan (15%, w/v)
which is another substrate required for producing methion-
ine, 0.01 ml of O-acetylhomoserine sulthydrylase, and 0.1
mM pyridoxal 5'-phosphate the enzyme cofactor to 1 mlof 80
g/L O-acetylhomoserine, and stirring at 800 rpm. Each ofthe
enzyme extracts was added to a final protein concentration of
5 mg/ml. The concentration of methionine and O-acetylho-
moserine was analyzed by HPLC. The rate of methionine
conversion was calculated as the number of moles of
methionine produced from 1 mole of methyl mercaptan
added into the reaction.

As shown in Table 2, O-acetylhomoserine sulthydrylase
derived from Rhodobacter sphaeroides showed higher reac-
tion rate during early phase and higher conversion rate than
O-acetylhomoserine sulthydrylase derived from Hyphomo-
nas neptunium even at high concentration of O-acetylho-
moserine.

TABLE 2
Time (in minutes)
2 4 6 8 10
MetZ-  Methionine (g/L) 1.8 2.6 34 4.1 4.6
hne Conversion (%) 2571 3714 4857 5857 6571
MetZ-  Methionine (g/L) 3.7 5.0 5.2 55 5.8
8p Conversion (%) 524 71.0 733 78.1 81.9
Example 4
Comparison of the Degree of Reaction Inhibition by
the Reaction Products Methionine and Acetic Acid
In the two-step method, L-methionine and acetic acid are
produced in the enzymatic reaction. However, it is known that

a high concentration of L-methionine reduces the enzymatic
reaction rate and acetic acid inhibits the enzyme activity
through protein alteration.

For the enzymatic conversion of O-acetylhomoserine to
L-methionine and acetic acid for industrial purpose, the
enzyme should maintain high activity even with the above-
described inhibition of enzyme activity. The activities of
MetZ-hne and MetZ-rsp in the presence of L.-methionine and
acetic acid at high concentration were compared. Specifi-
cally, in the presence of 0.3M L-methionine (about 45 g/I.)
and 0.3M acetic acid, the activities were compared using a
DTNB method described in Example 2. The 25 pl of 5 mg/ml
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cell homogenate was used in this reaction. The results showed
that the residual activity of MetZ-hne and metZ-rsp were 42%
and 50% respectively, and thus it was confirmed that Metz-rsp
has a lower degree of enzyme activity inhibition even in the
presence of L-methionine and acetic acid at high concentra-
tion (Table 3).

TABLE 3
Time (minutes
0 1 AOD415
Met/Acetate MetZ-hne 0.69 0.46 0.23
oM MetZ-rsp 0.69 0.48 0.21
Met/Acetate MetZ-hne 0.69 0.58 0.11
0.3M MetZ-rsp 0.69 0.60 0.09

In addition, the conversion reactions by two enzymes in the
presence of 0.3M L-methionine and 0.3M acetic acid were
analyzed, and the results are shown in Table 4.

TABLE 4
Time (minutes)
0 5 10 15
OD415 MetZ-hne 0.69 0.55 0.39 0.25
MetZ-rsp 0.69 0.49 0.31 0.12
Example 5

Comparison of Thermal Stability of MetZ-hne and
MetZ-rsp Enzymes

In the enzymatic conversion process on an industrial scale,
the reaction goes on for about 1 to 6 hours at a temperature of
3310 37° C. In addition to a feedback inhibition by reaction
products, the enzyme with low thermal stability has lower
enzyme activity as the conversion reaction progresses. Thus,
the thermal stability of enzyme is an important factor in
industrial applicability and cost-effectiveness. In order to
compare the thermal stability of the enzymes, each of the cell
homogenates obtained by the methods of Examples 1-1 and
1-2 was heat-treated at 50° C. for 10, 30, 60, 120, and 240
minutes, and then the residual activity of enzymes was com-
pared using a DTNB method of Example 2.

As shown in Table 5, O-acetylhomoserine sulthydrylase
derived from Rhodobacter sphaeroides showed the residual
activity of 95% after 240 minute-long heat treatment at 45° C.
compared to its activity prior to the heat treatment. On the
other hand, MetZ-hne showed the residual activity of 75%,
thereby suggesting that MetZ-rsp has a superior thermal sta-
bility.

TABLE 5
45° C. heat Time (minutes)
treatment 0 10 30 60 120 240
Relative MetZ- 100 98 95 91 84 75
activity (%) hne
MetZ- 100 100 100 99 97 95
sp
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Example 6

Enzymatic Conversion of O-acetylhomoserine
Medium to [-methionine Using MetZ-rsp in a Batch
Reactor

Inthe present example, for evaluating the conversion activ-
ity of O-acetylhomoserine sulthydrylase (metZ-rsp) identi-
fied in a tube scale now in a reactor system, a batch reactor
having an optimal volume of 1 I was used. O-acetylho-
moserine which is a substrate required for enzymatic conver-
sion reaction was produced by fermenting a microbial strain
disclosed in the prior art, and the cells were removed from the
cultured fermentation broth using a centrifuge. The 500 mL
of'about 70 g/L. culture medium was used (W0O2008/013432).
Since methyl mercaptan exists in a gaseous form at room
temperature, the experiment was performed by using a
sodium methyl mercaptan solution in a liquid form (CH;S—
Na, 4.7M, 33%, Arkema France) which was generated by
adding methyl mercaptan to caustic soda solution. About 50
mL of sodium methyl mercaptan was used in enzymatic con-
version reaction. As enzyme solution, 50 ml of MetZ-rsp cell
homogenate produced by the method of Example 1 was added
to the reaction along with 0.1 mM pyridoxal 5'-phosphate
(Sigma, USA). The enzymatic conversion reaction was per-
formed at a pH of 7.0 and at 33° C. with stirring at 700 rpm.
The reaction was carried out for 3 hours while adding sodium
methyl mercaptan. Concentrations of O-acetylhomoserine
and L-methionine produced over the time were analyzed by
HPLC and these results are shown in Table 6.

TABLE 6
O-Acetylhomoserine L-Methionine
Time (minutes) (g/L) (g/L)
0 66.1 0

30 20.6 34.1

90 9.5 42.0

120 3.1 47.2

180 0 49.5

Overall, it was observed that the enzymatic conversion
reaction of O-acetylhomoserine medium to L-methionine
using a MetZ-rsp enzyme solution in a 1 L batch reactor was
fast and showed high conversion rate (97% mol conversion
rate).

Example 7

Scale-up of the Enzymatic Conversion Reaction of
O-acetylhomoserine Medium to L-methionine Using
MetZ-rsp in a Batch Reactor

In the present example, to evaluate the scale-up enzymatic
conversion reaction system of methionine through the con-
version activity of O-acetylhomoserine sulfthydrylase (metZ-
rsp) identified in the 1 L batch reactor, methionine conversion
reaction was performed using a 30 L batch reactor (Korea
fermenter, Korea). O-acetylhomoserine which is a substrate
required in enzymatic conversion reaction was produced, as
in Example 6, by fermenting the microbial strains disclosed in
prior art (WO2008/013432), and the microbial strain were
removed from the cultured fermentation broth using a centri-
fuge. Supernatant was diluted by adding water to make the
concentration of O-acetylhomoserine 66 g/, and used in the
reaction.
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After 23 L of diluted fermentation supernatant was put in
the fermenter, 500 ml of metZ-rsp enzyme homogenate gen-
erated by the method described in Example 1 was added to the
same, and then a cofactor pyridoxal 5'-phosphate (Sigma,
USA) was added to a final concentration of 0.1 mM. Subse-
quently, a pH of the reaction mixture was adjusted to 6.5 by
adding ammonia gas and the temperature and stirring were set
at37° C. and at 300 rpm, respectively.

Methyl mercaptan (CH;SH, 99.5%, UK, Intergas) in gas-
eous form was used, and it was put directly into the reaction
mixture while controlling the amount of gas added using a
mass flow controller. Since some of methyl mercaptan was
evaporated in the reaction mixture and increased the pressure
inside the reactor, the speed of supplying methyl mercaptan
was adjusted to maintain the pressure to be less than 0.5 bar.
About 220 L. (470 g) of methyl mercaptan was added to the
reaction for a total of 120 minutes while controlling the sup-
plying speed to 3 to 5 L/min for the first 30 minutes of the fast
reaction period and then to 1 to 2 [/min for the remaining 90
minutes of the slow reaction period. The total amount of
methyl mercaptan added is the same molar amount as
O-acetylhomoserine present in the reaction mixture during
the enzymatic conversion reaction, all of which was con-
sumed during synthesis of methionine. After completion of
the reaction, the residual amount of methyl mercaptan was
less than 0.1 g/L.

Since during the reaction, every time 1 mole of methionine
is produced 1 mole of acetic acid is produced reducing the pH,
a pH of the reaction was maintained to 6.5 by adding ammo-
nia gas to raise the pH whenever it falls to 6.48. Reaction rate
can be determined by measuring the slope of pH decrease,
and the completion of reaction can be determined when pH
decrease is slow.

The reaction was carried out for 6 hours while adding
methyl mercaptan to the reaction. Changes in the concentra-
tions of O-acetylhomoserine and L-methionine over time
were analyzed by HPLC and the results are shown in FIG. 5.

The pH change profile during the reaction is shown in FIG.
4 and the graph of methionine conversion by the reaction is
demonstrated in FIG. 5.

Overall, it was confirmed that even when gaseous methyl
mercaptan was used in the enzymatic conversion reaction of
O-acetylhomoserine medium to [.-methionine using a metZ-
rsp enzyme solution in a 30 L. batch reactor, the methionine
conversion with 98% molar conversion rate for 6 hours could
be achieved.

Example 8

Improvement of Enzymatic Activity of metZ-rsp
through Applying Mutation

In the present example, error-prone PCR was performed to
induce random mutagenesis in a wild type metZ-rsp, and for
this experiment a diversify PCR random mutagenesis kit
(CLONTECH, USA) was used. In order to find the optimal
conditions for establishing a target mutation rate, error-prone
PCR was performed under the following two conditions at
various concentrations of MnSO,, and dGTP. The pCL-P.,;:
metZ-rsp cloned in Example 1-2 was used as a DNA template
where mutations are to be introduced.
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TABLE 7
Condition 2

Condition 1 (ul) ()]
10x Titaniun taq Buffer 5 5
MnSO, (8 mM) 2 4
dGTP (2 mM) 1 2
50x ANTP Mix 1 1
Titanium Taq Polymerase 1 1
Forward primer 2 2
Reverse primer 2 2
Template DNA 1 1
dH,0 35 32
Total 50 50

94° C.: 30 seconds
25 cycles 94° C.:
30 seconds 55° C.:
30 seconds 68° C.: 60 seconds
68° C.: 60 seconds

Error-prone PCR condition
Error-prone PCR condition

Error-prone PCR condition

The products of error-prone PCR performed under the
conditions of Table 7 were cleaved with Ncol/HindIII, and
cloned into pCL-P_,, vector which was digested with the
same enzymes. The cloned mutant library was transformed
into Escherichia coli K12 cells, which were then cultured in
a LB medium plate containing 50 pug/LL pectinomycin. After
culturing, 50 colonies were selected, and then sequencing
analysis was performed to determine the mutation rate and
check the occurrence of mutation at various locations.
Sequencing analysis results demonstrated that the mutation
rate was 2.4 kb~' under Condition 1, and 2.9 kb~ under
Condition 2. Based on these results, it was determined that
both of Conditions 1 and 2 could yield a suitable mutation rate
for generating a mutant library, and thus screening of valid
mutations was performed using the libraries produced under
the above conditions.

The resulting cells were cultured in a first 96 deep-well
plate, and treated with BugBuster solution in 1:1 ratio
(MERCK, USA) to obtain cell homogenate. Then, 50 ul of the
cell homogenate was collected and mixed with 50 pl of reac-
tion mixture comprising 300 mM O-acetylhomoserine and 1
mM substrate of L-cysteine. The resulting reaction mixture
was reacted for 60 minutes at a room temperature while
adding 50 ulL of DTNB solution at designated times. The
O.D. values were measured at 415 nm after color formation
and the results are shown in Table 8.

TABLE 8

Time (minutes)

0 5 10 15 30 60
0D415 2.17 1.19 0.65 0.50 037 030
Compensated OD 2.01 1.00 0.40 0.23 0.05  0.00
Background 0.16 0.19 0.25 0.27 032 030
Signal, 415 nm

In the plot of DTNB color level over time, the O.D. values
of residual L-cysteine are 1.19 and 0.65 at 5 minutes and 10
minutes after the reaction, respectively. In the actual screen-
ing, the mutants with less than 1.0 DTNB color level of
residual cysteine after 5 minutes of enzymatic reaction were
selected.

Candidate mutants that showed significantly increased
activity were selected using the above screening method.
Subsequently, nucleotide sequence alignment was performed
to screen the valid mutation in the candidate mutants. Then
finally the mutants comprising 4 types of mutations such as
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13N (SEQIDNO: 15),F65Y (SEQIDNO: 16), V104A (SEQ
ID NO: 17) and E182G were selected. Finally selected muta-
tions were to be introduced as a candidate mutation, and by
introducing each type of candidate mutations individually to
a pCL-P,, :metZ-rsp standard vector, the increased activity
was validated. To generate the vectors introduced with each
type of candidate mutations, the metZ-rsp expression vector
introduced with each candidate mutation was produced using
the primers of SEQ ID Nos. 5 and 6 for I3N mutation, the

18

The flask evaluation after introducing each candidate
mutation demonstrated that I3N (SEQ ID No. 15), F65Y
(SEQ ID No. 16), and V104A (SEQ ID No. 17) are the valid
mutation showing increased activity compared to the existing
control group of metZ-rsp. On the other hand, E182G muta-
tion was determined to be invalid for having increased activ-
ity, and thus it was excluded for the subsequent experiment.

All of the three types of valid mutations including 13N,
F65Y and V104A that were confirmed to have increased

primers of SEQ ID Nos. 7 and 8 for F65Y mutation, the 10 activity were introduced into the vector pCL-P;, :metZ-rsp
primers of SEQ ID Nos. 9 and 10 for 104 A mutation, and the " d CL-P.. -metZ-rspM3) t "
i £ SEQ ID Nos. 11 and 12 for F182G mutation,  co.or (Ramed as pCL-Pc,,:metZ-rspM3) to generate a vec-
gnmer § ﬁc,)ll ntroducti ’ £ mutati frmed b ) tor with even more enhanced activity. Three types of muta-
uccessiul 1n rol uc 101;/[ ol muta llgn was TELO“ rme ) g tions were introduced one by one into the vector using the
seq;lericmgt ana yils ( ; acroég.eri, 5 ore;)K 12 e (gigenelztra e q above-listed primers. The prepared expression vector with
mu aIrJleec (oir Wasﬂraﬁs togngf Cm © d. 2030’ ,fan lguh ured 135 three types of mutations was transformed into £. coli K12 and
ilr"lha th me lltum d ask a ) - an | ép tm Oi, dat oursh cultured in a flask. Then the cell culture was analyzed to
e(Iil, P te cu turt? S?{mp Tts Werehana y,ZeT bol Vg 1date eac evaluate the activity of the expression vector and the results
candidate mutation. Results are shown in Table 9. are shown in Table 10.
20
TABLE 9 TABLE 10
OD56 Spec. Spec. . . .
Mutation 2 nm Activity Unit activity unit Mutation Activity Spec. activity
. pCL-P -y :metZ-rsp 1.00 1.00
wild 9.18 1.63 32.67 0.18 3.56 CL-P e metZ-rspM3 175 173
type 25
I3N 8.93 1.89 37.73 0.21 422
561501( A 2'23 f 'gg ;?'23 8'53 i'gé As shown in Table 10, it was confirmed that the pCL-P.;:
E182G 953 143 28.60 0.15 3.00 metZ-rsp M3 with three types of valid mutations introduced
have 1.75 times increased activity than the pCL-P ,;:metZ-
Isp.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 22
<210> SEQ ID NO 1
<211> LENGTH: 23
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: primer for neptunium chromosome
<400> SEQUENCE: 1
aattccatgg cggatgcacc cgg 23
<210> SEQ ID NO 2
<211> LENGTH: 30
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: primer for Hyphomonas neptunium
<400> SEQUENCE: 2
aattaagctt tcacaagctg ttaagcgaag 30

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 3

aattccatgg gtatcgegtt tegtga

OTHER INFORMATION: primer for Rhodobacter sphaeroides chromosome

26
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19

-continued

20

<210> SEQ ID NO 4

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer for Rhodobacter sphaeroides chromosome

<400> SEQUENCE: 4

aattaagctt tcagatcacce gcgagege

<210> SEQ ID NO 5

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for I3N mutants

<400> SEQUENCE: 5

aaaaggagat ataccatggg taacgegttt cgtgaaggac ggac

<210> SEQ ID NO 6

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for I3N mutants

<400> SEQUENCE: 6

gtcegtectt cacgaaacgce gttacccatg gtatatctee tttt

<210> SEQ ID NO 7

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for F65Y mutants

<400> SEQUENCE: 7

catcgagacce ggcgecgacg aatacatcta tgcccgetac ggca

<210> SEQ ID NO 8

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for F65Y mutants

<400> SEQUENCE: 8

tgcegtageg ggcatagatg tattegtegg cgeeggtete gatg

<210> SEQ ID NO 9

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for V104A mutants

<400> SEQUENCE: 9

ggcatggceg cgatccacgg cgcgctcace tegatcegtge ggge

<210> SEQ ID NO 10

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for V104A mutants

28

44

44

44

44

44
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21

-continued

22

<400> SEQUENCE: 10

geccgeacga tcgaggtgag cgcgceegtgg atcgeggeca tgec

<210> SEQ ID NO 11

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for E182G mutants

<400> SEQUENCE: 11

gecgatateg gegecatcege cggcatcegece catgeegtgg gege

<210> SEQ ID NO 12

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for E182G mutants

<400> SEQUENCE: 12

gegeccacgg catgggegat gecggegatg gegecgatat cgge

<210> SEQ ID NO 13

<211> LENGTH: 404

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: metZ-rsp amino acid sequence

<400> SEQUENCE: 13

Met

1

Lys

Gly

Ser

Phe

65

Arg

Gly

Asp

Leu

Gly

145

Ala

Ile

Gly

Gly Ile Ala Phe Arg Glu Gly Arg Thr Gly Met Thr Lys Asp
5 10 15

Thr Arg Thr Gln Leu Val His Gly Gly Ser Arg Arg Ser Gln
20 25 30

Glu Met Ala Glu Ala Ile Phe Leu Thr Gln Gly Phe Val Tyr
35 40 45

Ala Glu Gln Ala Glu Ala Arg Phe Ile Glu Thr Gly Ala Asp
Ile Tyr Ala Arg Tyr Gly Asn Pro Thr Thr Arg Met Phe Glu
70 75

Ile Ala Ala Val Glu Gly Thr Glu Asp Ala Phe Ala Thr Ala
85 90 95

Met Ala Ala Ile His Gly Val Leu Thr Ser Ile Val Arg Ala
100 105 110

His Leu Val Ala Ala Arg Ala Leu Phe Gly Ser Cys Ile Tyr
115 120 125

Glu Glu Val Leu Gly Arg Phe Gly Val Glu Val Thr Phe Val
130 135 140

Thr Asp Leu Asp Gln Trp Arg Ala Ala Val Arg Pro Gly Thr
150 155

Val Phe Phe Glu Ser Val Ser Asn Pro Thr Leu Glu Val Ala
165 170 175

Gly Ala Ile Ala Glu Ile Ala His Ala Val Gly Ala Leu Val
180 185 190

Asp Asn Val Phe Ala Thr Pro Val Phe Ser Thr Ala Val Arg
195 200 205

Ala Asp Val Val Ile Tyr Ser Ala Thr Lys His Ile Asp Gly
210 215 220

Trp

Tyr

Asp

Glu

Glu

80

Ser

Gly

Ile

Asp

Lys

160

Asp

Ile

Gln

Gln

44

44

44
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24

Gly Arg Ala
225

Lys Val Leu

Phe Asn Ala

Cys Arg Ala

275

Gly His Pro
290

Pro Gln His
305

Ile Ala Leu

Asp Ala Leu

Ser Ile Ala

355

Ala Gln Lys
370

Val Gly Leu
385

Leu Ala Val
<210> SEQ I

<211> LENGT.
<212> TYPE:

Leu Gly Gly Val Vval
230

Glu Pro Phe Met Lys

245

Trp Leu Met Leu Asn

260

Met Ala Asp Thr Ala

280

Gln Leu Gly Arg Val

295

Glu Met Ala Lys Ala
310

Asp Leu Ala Gly Gly

325

Arg Ile Val Lys Ile

340

Thr His Pro Ala Thr

360

Ala His Leu Gly Ile

375

Glu Asp Ala Asp Asp
390

Ile

D NO 14
H: 1215
DNA

Cys Ala Ser
235

His Thr Gly
250

Gly Met Ala
265

Glu Lys Ile

Ile His Pro

Gln Met Glu

315

Lys Glu Ala
330

Ser Asn Asn
345

Thr Thr His

Thr Pro Gly

Leu Ile Ala
395

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Gln Ala Phe

Gly Ser Met

Thr Leu Asp

270

Ala Arg Ala
285

Ala Leu Glu
300

Arg Pro Gly

Ala Phe Arg

Leu Gly Asp
350

Gln Arg Leu
365

Leu Val Arg
380

Asp Leu Lys

<223> OTHER INFORMATION: metZ-rsp nucleotide sequence

<400> SEQUENCE: 14

atgggtatcg

caactegtec

ctgacccagyg

ggcgccgacg

cgcategegy

atccacggeg

ctgttegget

accttegteg

geegtgttet

gecgagateg

gtcttetega

atcgacggge

aaggtgcteg

ctcatgetga

gagaagatcg

ctggaaagcec

atcgegeteg

cgtttegtga

acgggggeag

gettegteta

aattcatcta

ccgtcgaggg

tgctcaccte

cctgeateta

acggcaccga

tcgagteggt

cccatgeegt

cggcggtgcyg

aagggcgcgce

aacccttcat

acgggatggc

cecegegeget

acccgcagea

acctegeegyg

aggacggacyg

cegecggage

cgacteggec

tgcccgetac

caccgaggat

gatcgtgegg

catcctegag

tctegatcag

ctcgaateceg

gggCgCgCtC

gcagggegceyg

gCthgngC

gaagcacacc

gacgctcgac

cgagggecat

cgagatggec

dggcaaggag

ggcatgacga

cagtatggeg

gcacaggcecyg

ggcaacccca

gegttegeca

gcgggcgatc

gaggtgctgg

tggcgegegg

acgctegagyg

gtcategtgyg

gatgtggtga

gtggtetgeg

ggcggctcga

ctgegetgee

cegeageteg

aaggcgcaga

geggecttee

aggactggaa

aaatggccga

aagcgegett

cgacgegeat

cegectegygy

atctggtgge

gecgattegg

cggtgcggcc

tggccgatat

acaatgtcett

tctattegge

cctegeagge

tgagccecett

gegegatgge

gecgegtgat

tggagcgtee

gettectega

Ile Arg
240

Ser Pro
255

Leu Arg

Leu Glu

Ser His

Thr Met
320

Phe Leu
335

Ala Arg

Ser Asp

Leu Ser

Gln Ala
400

gacaaggacg

ggcgatctte
catcgagacc
gttcgaagag
catggccgeyg
ggcgegeget
cgtegaggty
cggcacgaag
cggegecate
cgcgacgece
caccaagcac
cttcatcege
caacgectygyg
cgacacggec
ccatcecegeyg
cggcacgatyg

cgcectgagy

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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-continued

atcgtgaaga tctccaacaa tctgggegat geccgctega tegegaccca cccggcaacyg 1080
accacccace agcegtettte cgacgegecag aaggcccate teggcatcac gceccegggcete 1140
gtgcggctgt cggtggggct cgaggatgcg gacgacctga tcegccgatct gaaacaggcy 1200
ctcgeggtga tcetga 1215
<210> SEQ ID NO 15

<211> LENGTH: 404

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: metZ-rsp I3N amino acid sequence

<400> SEQUENCE: 15

Met Gly Asn Ala Phe Arg Glu Gly Arg Thr Gly Met Thr Lys Asp Trp
1 5 10 15

Lys Thr Arg Thr Gln Leu Val His Gly Gly Ser Arg Arg Ser Gln Tyr
20 25 30

Gly Glu Met Ala Glu Ala Ile Phe Leu Thr Gln Gly Phe Val Tyr Asp
35 40 45

Ser Ala Glu Gln Ala Glu Ala Arg Phe Ile Glu Thr Gly Ala Asp Glu
50 55 60

Phe Ile Tyr Ala Arg Tyr Gly Asn Pro Thr Thr Arg Met Phe Glu Glu
65 70 75 80

Arg Ile Ala Ala Val Glu Gly Thr Glu Asp Ala Phe Ala Thr Ala Ser
85 90 95

Gly Met Ala Ala Ile His Gly Val Leu Thr Ser Ile Val Arg Ala Gly
100 105 110

Asp His Leu Val Ala Ala Arg Ala Leu Phe Gly Ser Cys Ile Tyr Ile
115 120 125

Leu Glu Glu Val Leu Gly Arg Phe Gly Val Glu Val Thr Phe Val Asp
130 135 140

Gly Thr Asp Leu Asp Gln Trp Arg Ala Ala Val Arg Pro Gly Thr Lys
145 150 155 160

Ala Val Phe Phe Glu Ser Val Ser Asn Pro Thr Leu Glu Val Ala Asp
165 170 175

Ile Gly Ala Ile Ala Glu Ile Ala His Ala Val Gly Ala Leu Val Ile
180 185 190

Val Asp Asn Val Phe Ala Thr Pro Val Phe Ser Thr Ala Val Arg Gln
195 200 205

Gly Ala Asp Val Val Ile Tyr Ser Ala Thr Lys His Ile Asp Gly Gln
210 215 220

Gly Arg Ala Leu Gly Gly Val Val Cys Ala Ser Gln Ala Phe Ile Arg
225 230 235 240

Lys Val Leu Glu Pro Phe Met Lys His Thr Gly Gly Ser Met Ser Pro
245 250 255

Phe Asn Ala Trp Leu Met Leu Asn Gly Met Ala Thr Leu Asp Leu Arg
260 265 270

Cys Arg Ala Met Ala Asp Thr Ala Glu Lys Ile Ala Arg Ala Leu Glu
275 280 285

Gly His Pro Gln Leu Gly Arg Val Ile His Pro Ala Leu Glu Ser His
290 295 300

Pro Gln His Glu Met Ala Lys Ala Gln Met Glu Arg Pro Gly Thr Met
305 310 315 320
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Ile

Asp

Ser

Ala

<210>
<211>
<212>
<213>
<220>
<223>

Ala

Ala

Ile

Gln

370

Gly

Ala

Leu

Leu

Ala

355

Lys

Leu

Val

Asp

Arg

340

Thr

Ala

Glu

Ile

PRT

<400> SEQUENCE:

Met Gly Ile Ala

1

Lys

Gly

Ser

Tyr

65

Arg

Gly

Asp

Leu

Gly

145

Ala

Ile

Gly
Gly
225

Lys

Phe

Thr

Glu

Ala

50

Ile

Ile

Met

His

Glu

130

Thr

Val

Gly

Asp

Ala

210

Arg

Val

Asn

Arg

Met

35

Glu

Tyr

Ala

Ala

Leu

115

Glu

Asp

Phe

Ala

Asn

195

Asp

Ala

Leu

Ala

Thr

20

Ala

Gln

Ala

Ala

Ala

100

Val

Val

Leu

Phe

Ile

180

Val

Val

Leu

Glu

Trp
260

Leu Ala

325

Ile Val

His Pro

His Leu

Asp Ala
390

SEQ ID NO 16
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: metZ-rsp F65Y amino acid sequence

404

16

Phe Arg

Gln Leu

Glu Ala

Ala Glu

Arg Tyr

70

Val Glu
85

Ile His

Ala Ala

Leu Gly

Asp Gln
150

Glu Ser
165

Ala Glu

Phe Ala

Val Ile

Gly Gly
230

Pro Phe
245

Leu Met

Gly

Lys

Ala

Gly

375

Asp

Glu

Val

Ile

Ala

55

Gly

Gly

Gly

Arg

Arg

135

Trp

Val

Ile

Thr

Tyr

215

Val

Met

Leu

Gly

Ile

Thr

360

Ile

Asp

Gly

His

Phe

40

Arg

Asn

Thr

Val

Ala

120

Phe

Arg

Ser

Ala

Pro

200

Ser

Val

Lys

Asn

Lys

Ser

345

Thr

Thr

Leu

Arg

Gly

25

Leu

Phe

Pro

Glu

Leu

105

Leu

Gly

Ala

Asn

His

185

Val

Ala

Cys

His

Gly
265

Glu
330

Asn

Thr

Pro

Ile

Thr

10

Gly

Thr

Ile

Thr

Asp

90

Thr

Phe

Val

Ala

Pro

170

Ala

Phe

Thr

Ala

Thr

250

Met

Ala

Ala

Phe

Asn Leu Gly

His Gln Arg

365

Gly Leu Val

Ala
395

Gly

Ser

Gln

Glu

Thr

75

Ala

Ser

Gly

Glu

Val

155

Thr

Val

Ser

Lys

Ser

235

Gly

Ala

380

Asp

Met

Arg

Gly

Thr

60

Arg

Phe

Ile

Ser

Val

140

Arg

Leu

Gly

Thr

His

220

Gln

Gly

Thr

Leu

Thr

Arg

Phe

45

Gly

Met

Ala

Val

Cys

125

Thr

Pro

Glu

Ala

Ala

205

Ile

Ala

Ser

Leu

Arg

Asp

350

Leu

Arg

Lys

Lys

Ser

30

Val

Ala

Phe

Thr

Arg

110

Ile

Phe

Gly

Val

Leu

190

Val

Asp

Phe

Met

Asp
270

Phe

335

Ala

Ser

Leu

Gln

Asp

15

Gln

Tyr

Asp

Glu

Ala

95

Ala

Tyr

Val

Thr

Ala

175

Val

Arg

Gly

Ile

Ser

255

Leu

Leu

Arg

Asp

Ser

Ala
400

Trp

Tyr

Asp

Glu

Glu

80

Ser

Gly

Ile

Asp

Lys

160

Asp

Ile

Gln

Gln

Arg

240

Pro

Arg
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Cys

Gly

Pro

305

Ile

Asp

Ser

Ala

<210>
<211>
<212>
<213>
<220>
<223>

Arg

His

290

Gln

Ala

Ala

Ile

Gln

370

Gly

Ala

Ala

275

Pro

His

Leu

Leu

Ala

355

Lys

Leu

Val

Met

Gln

Glu

Asp

Arg

340

Thr

Ala

Glu

Ile

PRT

<400> SEQUENCE:

Met Gly Ile Ala

1

Lys

Gly

Ser

Phe

65

Arg

Gly

Asp

Leu

Gly

145

Ala

Ile

Gly

Thr

Glu

Ala

50

Ile

Ile

Met

His

Glu

130

Thr

Val

Gly

Asp

Ala
210

Arg

Met

35

Glu

Tyr

Ala

Ala

Leu

115

Glu

Asp

Phe

Ala

Asn

195

Asp

Thr

20

Ala

Gln

Ala

Ala

Ala

100

Val

Val

Leu

Phe

Ile

180

Val

Val

Ala Asp

Leu Gly

Met Ala

310

Leu Ala

325

Ile Val

His Pro

His Leu

Asp Ala
390

SEQ ID NO 17
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: metZ-rsp V104A

404

17

Phe Arg

Gln Leu

Glu Ala

Ala Glu

Arg Tyr

70

Val Glu
85

Ile His

Ala Ala

Leu Gly

Asp Gln

150
Glu Ser
165
Ala Glu

Phe Ala

Val Ile

Thr

Arg

295

Lys

Gly

Lys

Ala

Gly

375

Asp

Glu

Val

Ile

Ala

55

Gly

Gly

Gly

Arg

Arg

135

Trp

Val

Ile

Thr

Tyr
215

Ala

280

Val

Ala

Gly

Ile

Thr

360

Ile

Asp

Gly

His

Phe

40

Arg

Asn

Thr

Ala

Ala

120

Phe

Arg

Ser

Ala

Pro

200

Ser

Glu

Ile

Gln

Lys

Ser

345

Thr

Thr

Leu

Arg

Gly

25

Leu

Phe

Pro

Glu

Leu

105

Leu

Gly

Ala

Asn

His

185

Val

Ala

Lys

His

Met

Glu

330

Asn

Thr

Pro

Ile

Thr

10

Gly

Thr

Ile

Thr

Asp

90

Thr

Phe

Val

Ala

Pro

170

Ala

Phe

Thr

Ile Ala
Pro Ala
300

Glu Arg
315

Ala Ala

Asn Leu

His Gln

Gly Leu

380

Ala Asp
395

Arg

285

Leu

Pro

Phe

Gly

Arg

365

Val

Leu

Ala

Glu

Gly

Arg

Asp

350

Leu

Arg

Lys

Leu

Ser

Thr

Phe

335

Ala

Ser

Leu

Gln

amino acid sequence

Gly Met

Ser Arg

Gln Gly

Glu Thr

60

Thr Arg
75

Ala Phe

Ser Ile

Gly Ser

Glu Val

140

Val Arg

155

Thr Leu

Val Gly

Ser Thr

Lys His
220

Thr

Arg

Phe

45

Gly

Met

Ala

Val

Cys

125

Thr

Pro

Glu

Ala

Ala

205

Ile

Lys

Ser

30

Val

Ala

Phe

Thr

Arg

110

Ile

Phe

Gly

Val

Leu

190

Val

Asp

Asp

15

Gln

Tyr

Asp

Glu

Ala

95

Ala

Tyr

Val

Thr

Ala

175

Val

Arg

Gly

Glu

His

Met

320

Leu

Arg

Asp

Ser

Ala
400

Trp

Tyr

Asp

Glu

Glu

80

Ser

Gly

Ile

Asp

Lys

160

Asp

Ile

Gln

Gln
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Gly

225

Lys

Phe

Cys

Gly

Pro

305

Ile

Asp

Ser

Ala

385

Leu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Arg

Val

Asn

Arg

His

290

Gln

Ala

Ala

Ile

Gln

370

Gly

Ala

Ala

Leu

Ala

Ala

275

Pro

His

Leu

Leu

Ala

355

Lys

Leu

Val

Leu

Glu

Trp

260

Met

Gln

Glu

Asp

Arg

340

Thr

Ala

Glu

Ile

PRT

SEQUENCE :

Met Gly Asn Ala

1

Lys

Gly

Ser

Tyr

65

Arg

Gly

Asp

Leu

Gly

145

Ala

Thr

Glu

Ala

50

Ile

Ile

Met

His

Glu

130

Thr

Val

Arg

Met

35

Glu

Tyr

Ala

Ala

Leu

115

Glu

Asp

Phe

Thr

20

Ala

Gln

Ala

Ala

Ala

100

Val

Val

Leu

Phe

Gly

Pro

245

Leu

Ala

Leu

Met

Leu

325

Ile

His

His

Asp

SEQ ID NO 18
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: metZ-rsp I3N Fé65Y V104A amino acid

404

18

Phe

5

Gln

Glu

Ala

Arg

Val

85

Ile

Ala

Leu

Asp

Glu
165

Gly

230

Phe

Met

Asp

Gly

Ala

310

Ala

Val

Pro

Leu

Ala
390

Arg

Leu

Ala

Glu

Tyr

70

Glu

His

Ala

Gly

Gln

150

Ser

Val

Met

Leu

Thr

Arg

295

Lys

Gly

Lys

Ala

Gly

375

Asp

Glu

Val

Ile

Ala

55

Gly

Gly

Gly

Arg

Arg

135

Trp

Val

Val

Lys

Asn

Ala

280

Val

Ala

Gly

Ile

Thr

360

Ile

Asp

Gly

His

Phe

40

Arg

Asn

Thr

Ala

Ala

120

Phe

Arg

Ser

Cys

His

Gly

265

Glu

Ile

Gln

Lys

Ser

345

Thr

Thr

Leu

Arg

Gly

25

Leu

Phe

Pro

Glu

Leu

105

Leu

Gly

Ala

Asn

Ala

Thr

250

Met

Lys

His

Met

Glu

330

Asn

Thr

Pro

Ile

Thr

10

Gly

Thr

Ile

Thr

Asp

90

Thr

Phe

Val

Ala

Pro
170

Ser

235

Gly

Ala

Ile

Pro

Glu

315

Ala

Asn

His

Gly

Ala
395

Gly

Ser

Gln

Glu

Thr

75

Ala

Ser

Gly

Glu

Val

155

Thr

Gln

Gly

Thr

Ala

Ala

300

Arg

Ala

Leu

Gln

Leu

380

Asp

Met

Arg

Gly

Thr

60

Arg

Phe

Ile

Ser

Val

140

Arg

Leu

Ala

Ser

Leu

Arg

285

Leu

Pro

Phe

Gly

Arg

365

Val

Leu

Thr

Arg

Phe

45

Gly

Met

Ala

Val

Cys

125

Thr

Pro

Glu

Phe

Met

Asp

270

Ala

Glu

Gly

Arg

Asp

350

Leu

Arg

Lys

Lys

Ser

30

Val

Ala

Phe

Thr

Arg

110

Ile

Phe

Gly

Val

Ile

Ser

255

Leu

Leu

Ser

Thr

Phe

335

Ala

Ser

Leu

Gln

Asp

15

Gln

Tyr

Asp

Glu

Ala

95

Ala

Tyr

Val

Thr

Ala
175

Arg

240

Pro

Arg

Glu

His

Met

320

Leu

Arg

Asp

Ser

Ala
400

sequence

Trp

Tyr

Asp

Glu

Glu

80

Ser

Gly

Ile

Asp

Lys

160

Asp
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Ile Gly Ala
Val Asp Asn
195

Gly Ala Asp
210

Gly Arg Ala
225

Lys Val Leu

Phe Asn Ala

Cys Arg Ala

275

Gly His Pro
290

Pro Gln His
305

Ile Ala Leu

Asp Ala Leu

Ser Ile Ala
355

Ala Gln Lys
370

Val Gly Leu

Leu Ala Val

Ile

180

Val

Val

Leu

Glu

Trp

260

Met

Gln

Glu

Asp

Arg

340

Thr

Ala

Glu

Ile

Ala

Phe

Val

Gly

Pro

245

Leu

Ala

Leu

Met

Leu

325

Ile

His

His

Asp

<210> SEQ ID NO 19

<211> LENGT.
<212> TYPE:

H:
DNA

1215

Glu Ile Ala
Ala Thr Pro
200

Ile Tyr Ser
215

Gly Val Val
230

Phe Met Lys

Met Leu Asn

Asp Thr Ala

280

Gly Arg Val
295

Ala Lys Ala
310

Ala Gly Gly

Val Lys Ile

Pro Ala Thr

360

Leu Gly Ile
375

Ala Asp Asp
390

His

185

Val

Ala

Cys

His

Gly

265

Glu

Ile

Gln

Lys

Ser

345

Thr

Thr

Leu

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Ala

Phe

Thr

Ala

Thr

250

Met

Lys

His

Met

Glu

330

Asn

Thr

Pro

Ile

Val

Ser

Lys

Ser

235

Gly

Ala

Ile

Pro

Glu

315

Ala

Asn

His

Gly

Ala
395

Gly Ala Leu
190

Thr Ala Val
205

His Ile Asp
220

Gln Ala Phe

Gly Ser Met

Thr Leu Asp

270

Ala Arg Ala
285

Ala Leu Glu
300

Arg Pro Gly

Ala Phe Arg

Leu Gly Asp

350

Gln Arg Leu
365

Leu Val Arg
380

Asp Leu Lys

Val Ile

Arg Gln

Gly Gln

Ile Arg

240

Ser Pro
255

Leu Arg

Leu Glu

Ser His

Thr Met

320

Phe Leu

335

Ala Arg

Ser Asp

Leu Ser

Gln Ala
400

<223> OTHER INFORMATION: metZ-rsp I3N nucleotide sequence

<400> SEQUENCE:

atgggtaacg

caactegtec

ctgacccagyg

ggcgccgacg

cgcategegy

atccacggeg

ctgttegget

accttegteg

geegtgttet

gecgagateg

gtcttetega

atcgacggge

aaggtgcteg

19

cgtttegtga aggacggacyg

acgggggcag ccgccggagce

gettegteta cgacteggece

aattcatcta tgcccgctac

cegtegaggyg caccgaggat

tgctcaccte gatcgtgegyg

cctgecateta catcctegag

acggcaccga tctegatcag

tcgagteggt ctcgaatceg

cccatgeegt gggegegete

cggcggtgcg gcagggcgeg

aagggcgcgce gCthgngC

aacccttcat gaagcacacc

ggcatgacga

cagtatggeg

gcacaggcecyg

ggcaacccca

gegttegeca

gcgggcgatc

gaggtgctgg

tggcgegegg

acgctegagyg

gtcategtgyg

gatgtggtga

gtggtetgeg

ggcggctcga

aggactggaa

aaatggccga

aagcgegett

cgacgegeat

cegectegygy

atctggtgge

gecgattegg

cggtgcggcc

tggccgatat

acaatgtcett

tctattegge

cctegeagge

tgagccecett

gacaaggacg

ggcgatctte

catcgagacc

gttcgaagag

catggccgeyg

ggCgCgCgCt

cgtcgaggtg

cggcacgaag

cggegecate

cgcgacgece

caccaagcac

cttcatcege

caacgectygyg

60

120

180

240

300

360

420

480

540

600

660

720

780
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-continued
ctcatgctga acgggatgge gacgctegac ctgegetgece gegegatgge cgacacggece 840
gagaagatcyg cccgegeget cgagggecat ccgcageteg gecgegtgat ccatcccgeg 900
ctggaaagcece acccgcagca cgagatggece aaggcgcaga tggagcegtece cggcacgatg 960
atcgegeteg acctegecgg gggcaaggag geggecttee gettectega cgcectgagg 1020
atcgtgaaga tctccaacaa tctgggegat geccgctega tegegaccca cccggcaacyg 1080
accacccace agcegtettte cgacgegecag aaggcccate teggcatcac gceccegggcete 1140
gtgcggctgt cggtggggct cgaggatgcg gacgacctga tcegccgatct gaaacaggcy 1200
ctcgeggtga tcetga 1215
<210> SEQ ID NO 20
<211> LENGTH: 1215
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: metZ-rsp F65Y nucleotide sequence
<400> SEQUENCE: 20
atgggtatcg cgtttegtga aggacggacg ggcatgacga aggactggaa gacaaggacg 60
caactecgtee acgggggcag ccgccggage cagtatggeyg aaatggccga ggcgatctte 120
ctgacccagg gcttegteta cgacteggec geacaggecg aagegcegett catcgagace 180
ggcgecgacy aatacatcta tgcccgctac ggcaacccca cgacgcegeat gttcgaagag 240
cgcategegg ccegtegaggg caccgaggat gegttegeca cegecteggyg catggecgeg 300
atccacggeg tgctcaccte gatcgtgegg gegggcegate atctggtgge ggegegeget 360
ctgttegget cctgecatcta catcctegag gaggtgetgyg gecgattegyg cgtcegaggtyg 420
accttegteg acggcaccga tctcegatcag tggegegegyg cggtgceggece cggcacgaag 480
geegtgttet tegagtceggt ctcgaatcceg acgctegagg tggccgatat cggegcecatce 540
geegagateyg cccatgccegt gggegegete gtcategtgg acaatgtett cgegacgecce 600
gtettetega cggeggtgeg gcagggcegeg gatgtggtga tcetattegge caccaagcac 660
atcgacggge aagggcegege getceggegge gtggtetgeg ccetegcagge cttcatccge 720
aaggtgcteg aacccttcat gaagcacacce ggeggctega tgageccctt caacgectgg 780
ctcatgctga acgggatgge gacgctegac ctgegetgece gegegatgge cgacacggece 840
gagaagatcyg cccgegeget cgagggecat ccgcageteg gecgegtgat ccatcccgeg 900
ctggaaagcece acccgcagca cgagatggece aaggcgcaga tggagcegtece cggcacgatg 960
atcgegeteg acctegecgg gggcaaggag geggecttee gettectega cgcectgagg 1020
atcgtgaaga tctccaacaa tctgggegat geccgctega tegegaccca cccggcaacyg 1080
accacccace agcegtettte cgacgegecag aaggcccate teggcatcac gceccegggcete 1140
gtgcggctgt cggtggggct cgaggatgcg gacgacctga tcegccgatct gaaacaggcy 1200
ctcgeggtga tcetga 1215
<210> SEQ ID NO 21
<211> LENGTH: 1215
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: metZ-rsp V104A nucleotide sequence
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<400> SEQUENCE: 21

atgggtatcg cgtttegtga aggacggacg ggcatgacga aggactggaa gacaaggacg 60
caactcgtcec acgggggcag ccgcecggage cagtatggeg aaatggecga ggcgatctte 120
ctgacccagg gcttcecgtcta cgactcggec gcacaggccg aagcgcgctt catcgagacce 180
ggcgccgacyg aattcatcta tgccecgctac ggcaacccca cgacgcgcat gttcgaagag 240
cgcatcgegg ccgtcgaggg caccgaggat gegttegeca ccegecteggyg catggecgeg 300
atccacggeg cgctcaccte gatcegtgegg gecgggegatce atctggtgge ggcegegeget 360
ctgttegget cctgcatcta catcctcegag gaggtgetgg gecgattcegg cgtegaggtg 420
accttegteg acggcaccga tctcgatcag tggcgegegg cggtgeggec cggcacgaag 480
gccgtgttet tcgagteggt ctcgaatcceg acgctcgagg tggccgatat cggcgecatc 540
gccgagatceg cccatgeegt gggcgegetce gtcatcegtgg acaatgtett cgegacgcecc 600
gtcttctega cggeggtgeg gcagggegeg gatgtggtga tctattcegge caccaagcac 660
atcgacgggc aagggcgcge gctceggegge gtggtcectgeg cctegcagge ctteatccge 720
aaggtgctcg aacccttcat gaagcacacc ggceggctcecga tgagcccctt caacgcectgg 780
ctcatgctga acgggatggce gacgctcgac ctgcgectgee gegegatgge cgacacggcc 840
gagaagatcg cccgegegcet cgagggccat ccgcagcteg gecgegtgat ccatcecgeg 900
ctggaaagcc acccgcagca cgagatggcc aaggcgcaga tggagcgtcce cggcacgatg 960

atcgegeteg acctegecgg gggcaaggag geggecttee gettectega cgcectgagg 1020
atcgtgaaga tctccaacaa tctgggegat geccgctega tegegaccca cccggcaacyg 1080
accacccace agcegtettte cgacgegecag aaggcccate teggcatcac gceccegggcete 1140
gtgcggctgt cggtggggct cgaggatgcg gacgacctga tcegccgatct gaaacaggcy 1200
ctcgeggtga tcetga 1215
<210> SEQ ID NO 22

<211> LENGTH: 1215

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: metZ-rsp I3N F65Y V104A nucleotide sequence

<400> SEQUENCE: 22

atgggtaacyg cgtttegtga aggacggacg ggcatgacga aggactggaa gacaaggacg 60
caactcgtee acgggggcag ccgecggage cagtatggeg aaatggecga ggegatctte 120
ctgacccagg gecttegteta cgacteggee geacaggeeg aagegegett catcgagace 180
ggcgccgacyg aatacatcta tgcccgctac ggcaacccca cgacgcegcat gttegaagag 240
cgcategegyg cegtegaggg caccgaggat gegttegeca cegecteggg catggecgeg 300
atccacggeg cgctcaccte gategtgegg gegggegate atctggtgge ggegegeget 360
ctgttegget cctgeatcta catcctegag gaggtgetgg gecgattegg cgtcegaggtg 420
accttegteg acggcaccga tctegatcag tggegegegg cggtgeggee cggcacgaag 480
geegtgttet tcgagteggt ctcgaatceg acgctegagg tggecgatat cggegecatc 540
gecgagatceg cccatgecgt gggegegete gtcategtgg acaatgtett cgegacgecc 600
gtcttetega cggeggtgeg gcagggegeyg gatgtggtga tcetattegge caccaageac 660
atcgacggge aagggcgege geteggegge gtggtetgeg cetegeagge cttcatccege 720

aaggtgctcg aacccttecat gaagcacace ggeggctcega tgageccett caacgectgg 780
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ctcatgctga acgggatgge gacgctegac ctgegetgece gegegatgge cgacacggec 840
gagaagatcg cccgegeget cgagggecat ccgcageteg gecgegtgat ccatccegeg 900
ctggaaagcce acccgcagca cgagatggece aaggegeaga tggagegtcee cggcacgatg 960
atcgegeteg acctegecgg gggcaaggag geggecttee getteetega cgecctgagg 1020
atcgtgaaga tctccaacaa tctgggegat geccgetega tegegaccca ccceggcaacg 1080
accacccacce agcegtettte cgacgegeag aaggeccatce teggcatcac gecegggete 1140
gtgcggctgt cggtggggct cgaggatgcg gacgacctga tcegccgatct gaaacaggcy 1200
ctcgeggtga tcetga 1215

The invention claimed is:

1. A mutant protein of a polypeptide of SEQ ID No. 13
having O-acetylhomoserine sulthydrylase activity, wherein
said mutant protein has all of SEQ ID No. 13 except for one
or more substitution selected from the group consisting of
substitution of the isoleucine at position 3 with an amino acid
other than isoleucine, substitution of the phenylalanine at
position 65 with tyrosine, and substitution of the valine at
position 104 with an amino acid other than valine.

2. The mutant protein according to claim 1, wherein the
mutation is made by substitution of the 3" amino acid from
the N-terminal with asparagine, and substitution of the 104"
amino acid with alanine.

3. The mutant protein according to claim 1, having the
amino acid sequence selected from the group consisting of
SEQ ID Nos. 15 to 18.

4. A polynucleotide encoding the mutant protein of claim
1.

5. The polynucleotide according to claim 4 having the
nucleotide sequence selected from the group consisting of
SEQ ID Nos. 19 to 22.

6. A recombinant vector comprising the polynucleotide of
claim 4.

25

7. A microorganism transformed with the recombinant
vector of claim 6 for producing O-acetylhomoserine sulthy-
drylase.

8. The microorganism according to claim 7, which is
Escherichia coli (E. coli).

9. A method for producing methionine or acetic acid, com-
prising adding a protein having O-acetylhomoserine sulthy-
drylase activity and comprising the amino acid sequence of
SEQ ID No. 13 or a microorganism producing the same to a
mixture of O-acetylhomoserine and methyl mercaptan to
thereby react the resulting mixture.

10. A recombinant vector comprising the polynucleotide of
claim 5.

11. A method for producing methionine or acetic acid,
comprising adding a protein of claim 1 or a microorganism
producing the same to a mixture of O-acetylhomoserine and
methyl mercaptan to thereby react the resulting mixture.

12. A method for producing methionine or acetic acid,
comprising adding a protein of claim 3 or a microorganism
producing the same to a mixture of O-acetylhomoserine and
methyl mercaptan to thereby react the resulting mixture.
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